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This work is directed toward the determination of the non- 

equilibrium flow field and the optical radiation around a vehicle 

traveling at high speed and high altitude. 

Chemical Rates 

The extension of known dissociation ra tes  to  tempera tures  

associated with superorbital  reentry requires  a knowledge of the 

coupling of dissociation with the internal motions of the molecule,  

i. e .  , the relative dissociation rates  €or  molecules with different 

degrees  of internal excitation. 

lem that are being investigated under the present  contract .  

first concerns the calculation of the rate of vibrational excitation 

There are two aspec ts  to this prob- 

The 

using time-dependent wave functions. 

cr ibed briefly in the last progress  report ,  and is discussed as Item 

This investigation was des-  

I below. The second has  to do with the oon-boltzmann quasi-equi- 

l ib r ium distribution of vibrational energy durir,g the dissociation - - - - - - - - _ _ _ _  
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process .  

rate, and an  experiment to  measure  the distribution during d is -  

sociation was discussed in the last progress  report .  

formed during the last quar te r  is summarized as Item 11. 

This distribution has  a direct  effect 09 the dissociation 

The work pe r -  

I. Vibrational Relaxation. The last p rogres s  report  contained 

a discussion of the use  of time-dependent vibrational wave-functions to  

descr ibe  the vibrational transit ion cf a molecule which collides with 

an  incident particle.  The f i i s t -o rde r  t reatment  gives a closed form 

expression for  the transit ion probabilities and these were  shown graph- 

ically to  agree  well with numerical  resul ts  of Rapp and Sharp’ in the 

range of collision velocities up to  

0- 1 transit ion,  and to  lower velocities for  multi-quantum transit ions.  

During the past  qua r t e r  a perturbation method has  been explored to  

extend the range of validity of the calculations. 

that due to  the spacial  non-uniformity of the interaction force ,  

the exponential interaction used in Ref. 1 to  represent  N - N  collisions, 

this  method extends the range of validity to  

6 x lo5 c m / s e c  ( 2 ~  5 ev)  fo r  the 

The perturbation is 

F o r  

2 2  

7 x IO5 c m / s e c  ( 3 .  5 

ev) .  A report  is being w r i t t e i  on this subject at the present  t ime,  

11. Vib ration - Di s s oc iati  on C oup’iing . Since mole c ula r dis  - 

sociation generally occurs  f rom excited vibrational s ta tes ,  the rate  

of vibrational relaxation is important in determining the tempera ture  

dependence of the dissociation rate .  The resultant coupling between 

vibration and dissociation has  then been taken into account in an 

approximate way in the t reatment  of dissociation behind very  strong 

shocks.  2 9  3 y  In these attempts a Beltzmann-like distribution {vibrational 
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" tempera ture t t )  in vibrational energy has  been assumed,  but work 

done under the present  contract5 has shown that this assumption is 

violated fo r  strong shocks. The extent of the departure  f rom a Boltz- 

mann distribution is important insofar as it affects the tempera ture  

dependence of the dissociation rate .  The analytic investigation being 

performed under this  portion of the present  contract  has  verified 

that a strong non-Boltzmann distribution exists, and that it has  a 

la rge  effect on the dissociation rate .  However, contrary to  resu l t s  

obtained by assuming that a vibrational t l t empera ture l l  could be defined, 

the effect on the dissociation rate  has very  little dependence on tem- 

pera ture .  Tnus the extrapolation of dissociation r a t e s  z b t a i ~ e d  at 

tempera tures  in the 4000-8000°K range to  much higher tempera tures  

would be independent of the vibration-dissociation coupling. Pre l iminary  

resu l t s  fo r  the rat io  of the forward rate  constant fo r  dissociation of O2 

to  that  obtained f o r  an  equilibrium vibration distribution are shown in 

Fig.  1 .  This effort will be continued during the next qua r t e r .  The 

experiments  to measu re  the non-Boltzmann distribution, discussed in 

the last progress  report ,  a r e  being postponed until the calculations a r e  

c omple t ed. 

Bow Shock Calculations 
~ ~~~ ~ ~ 

During the past  quar te r ,  work was s ta r ted  on the generalization 

of the bow-shock program to handle non-symmetric bow shocks. It is 

expected that this new program will then be capable of producing flow 

fields in the stagnation region for  bodies entering the atmosphere at 

angle of attack. This work will continue during the next qua r t e r .  
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Vacuum Ultraviolet Radiation 

Continued effort has  been directed toward measuring the vacuum 

ultraviolet  radiation f rom a i r  in the 10 to  12,000 OK t empera ture  range. 

All components fo r  the multichannel spec t rometer  have been ordered,  

but delays have been encountered in procuring some of the optical 

components. 

undergo vacuum testing by the end of June. 

ra te ly  calibrated and will be installed direct ly  after the vacuum checkout. 

The apparatus  fo r  windowless coupling to  the shock tube is a l s o  being 

fabricated,  and the f a s t  cutoff valve involved was successfully tes ted 

4- Lu dose in 5 mill iserends.  

The spectrometer  chamber is being fabricated and will 

The optics a r e  being sepa-  

Completion of the new CAL shock tube intended fo r  use  in these 

studies has  been delayed because of rework required to  compensate f o r  

s t ruc tura l  deficiencies in the tube design. These changes were  found 

necessa ry  when severa l  components of the tube were  damaged in p re -  

l iminary hydrostatic p r e s s u r e  testing. It is planned to  have the tube in 

operation by 1 July 1964, which will permi t  total-system checkout tests 

to  be conducted shortly thereaf ter .  
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